


































































































































































































System
Number

1

Subsystems
(1f appli-

System Name cable)

Foundations

Stairs

10,20
30,40

10,20
30,40

Exterior Walls

Life Expectancy

Elderly

25

Fam: Ly

25

Appendix B

DPefinitions of Replacement Actions by System
!

Model

Treatment

M

m> m x>

=

1

Cracks in wall, peeling paint, graffitied
NA for

Evidence of settling, buckling or wall

Evidence of settling, buckling, or wall

Evidence of settling, bucking, or wall
displacement 1n more than 607 of building

Selected nosing 1s chipped, damaged or

(NA for Type

Treads systematically deformed, rail

Fix
Level Condition Description
1
or marred wall requiring paint
Type 5.
2
displacement in 1-30% of building
foundation.
3
displacement 1n 31-60%.
4
foundation.
2
missing; rail missing seginents or
inadequate for stair width.
2)
3
1nadequate, deformed, or demaged.
4

stringers damaged, stairs and supports
migsing > 50%.

Surface i1ntact but evidence of
weathering: Occasional peeling paint;
cracked joints, loss of caulking; general
deterioration of mortar.

Repair/Replacement Event

Patch/repair cracks and/or repaint
exposed foundation wall.

Replace affected foundation.

Replace affected foundation.

Reptace ail building foundations

Patch stair, renovate existing rail,
add nosing, refinish wood.

Patch stair, replace < 30% treads or
risers, replace rails, refimsh.

Remove and replace stair structure

1. Brick Repoint selected areas
and recaulk joints.

2. Concrete Block: Repoint and
recaulk ;

3. Glass Block: Recaulk jowints.

4. Precast Panel: Patch and
recaulk

5. Metal/Glass Curtain Wall:
Recaulk and refinish trim

6-10 Surface materials on frame '
Paint, no preparation and
recaulk

11. Stone Repoint.



System
Number System Name

4 Exterior/
Common Doors

5 Storm/Screen
Doors
[ Windows

Subsystems
(f applr-
cable)

10-60,90, 110
70,80,100

10
60-100

2>

25

60

60

15

30

Life Expectanc
E[Her[x Fam1tz

25

25

30

30

30

Condition Description

surface substantially marred by graffity,
pollution, smoke/fire damage, or
widespread peeling, chipped or bubbling
paint; missing elements of siding or
trim.

Evidence of general moisture penetration
on masonry; porticns of surface severely
damaged (or missing) by water, fire or
vardal ism.

Brick, block, stone, or glazing are
missing, cracked or have lost integrity;
breakage of glass block; siding has lost
integrity.

Door has poor fit and/or 1noperable or
missing hardware.

Door has lost 1ts integrity as a result
of vandalism, water damage, or
deterioration but frame is intact;
missing door.

Frame 1s warped, bent or severely damaged
from fire, vandalism or water and has
buckled, warped, or broken.

Broken elements; outdated system;
storm/screen door has lost basic
integrity; infiltration possible.

Missing windows, broken elements other
than gtass; rotted frame or sash; general
deterioration of joints.

Repair/Replacement Event

1 Brick: Clean and recaulk plus
minor action costs.

2. NA

3. Glass Block Clean and recaulk.

4. Precast Panel: Clean, patch and
recaulk.

5

6

210. surface Materials on Frame- Prep
{scrape, prime, etc.) and paint,

recaulk
1. Stone.
1 Brick Waterproof all surfaces,

clean, repoint and recaulk plus
minor mederate action costs.

2. N.A.
3. N.A
4 N.A.
5 N.A.
6-10, Surface Materials on Frame:

Replace less than 20% of the
surface; prep, recaulk and
repaint.

1. Stone

Indicate percentage of wall type to be
replaced.

Recondition: Replace hardware, remove,
repair fit, rehang, repaint and/or
reglaze, as appropriate,

Replace Door: Replace hardware and
door (jamb 1s reused); paint doors.

Repltace Door and Frame: Replace door,
frame and harduare; paint doors.

Remove and replace with new door.

keptace entire window unit.



Subsystems
System (1f appli- Life Expectancy
Number System Name cable) Elderly Family
7 Storm/Screen 15 7
Windows
8 Window 40 40
Security
9 Canopies - 20 20
10 Parapet Wall 25 25
11 Fire Escapes
40 40
12 Railings

Model Fix
Treatment Level

A 4

A 4

A 2

5 4

A 1

$ 2

] 3

E 4

M 2

M 3

A 4

M 1

Condition Description

System has lost basic integrity and
permits infiltration; sash 15 bent or
rotted.

Ex1sting window security devices non-
functional or 1n need of substantial
repair.,

Canopy structure in disrepair: Evidence
of leaks or weather deterioration of
surface; 1solated structural elements
loose, missing or deformed

Canopy structurally unsound and unsafe;
structurat elements non-functional or
deteriorating; roofing material
deteriorated; highly non-functional.

Parapet wall and coping have surface
deterioration and evidence of weathering-
~deteriorated grout, cracks 1n stucco,
peeling paint.

General surface deterioration and small
section (10%) of parapet wall have lost
their 1ntegrity.

General surface deterioration and 11-50%
of parapet wall/coping has lost
integrity.

More than half (50%) of parapet
wall/coping has deteriorated structurally
and lost 1ts mntegrity.

Fire escapes intact but surface 1s
rusted, chipped, peeling, etc.

Occasional elements (railings, landing
step, etc ) are deteriorated or missing,
loose connections

Fire escape system ts structurally
unsound and dangerous.

Chipped and peeling paint, rusting;
occasional broken weld

Repair/Replacement Event

Remove, replace with new sash frame,
screens, etc.

Replace 1ndicated window security
devices.

Repair damaged canopy: Reroof, add
gutters; repair/replace column;
reanchor; paint.

Replace canopy with new structure.
Repair parapet wall and coping--

repoint, recaulk, paint, patch stucco,
etc.

Repair as indicated and replace 10% of
parapet wall and coping.

Repair as 1ndicated and replace 11-50%
of parapet wall/coping.

Replace all parapet wall/coping.

Refinish fire escape

Repair/replace selected elements and
refinish; reanchor.

Replace fire escape.

Refinish: Repaint; spot welding.



Subsystems

System (if applr- Life Expectancy Model
Number System Name cable) gElderly Fami ly Trezatment
M
s
S
13 Appurtenant 10,30-60 M
Structures 20 5 5 A
10,30-60 E
14 Roof Structure E
-
15 Roof Coverings M
i
10-30 A%
50 40 40 A
40 40 A
16 ceiling, ! M
Soffits

‘ 3

Up to 25% of railings are missing or
deteriorated and not structurally sound.

deter1orated and not structurally sound.

All railings are missing or deteriorated

Structure intact but exterior surface is
weathered (peeling or chipped paint);
hardware broken or missing; mnor roof

H

Reoof system has buckled or deteriorated
and lost structural i1ntegrity; severe

Roof is still serviceable; a few leaks
but not serious 1n nature; base felts n

mnsulation, 1f present, 1s sound, dry,
Eroperly attached; 1solated cracking;
are spots on aggregate-surface roofs;
damaged shingled areas; metal section

surface-wide problems such as blistering,
alligatoring but no cracks or evidence of
moisture penetration; felts in sound
condition and not waterlogged. {(Asphalt
or wood shingles have not been previously

Evidence of advanced deterioration and

disintegrated/disbonded; insulation wet
or poorly attached; numerous leaks of a

Fix ‘
Level Condition Description

2

3 Half of railings are missing or -

4
and not structurally sound.

2
leaks.

4 Structure has lost basic integrity;
deteriorated; severe fire or water
damage.

4
water or fire damage.

2

' goed condition and not waterlogged;
loose. '

3
resurfaced.) NA - 6-9.

4
water penetration; felts have
serious nature. (Asphalt or wood
shingles have been previously
resurfaced.)

2

Surface intact but simple aging and
deterioration: Minor holes and cracks;
aging or blistered paint, flaking, minor
strains.

Repair/Replacement Event

Replace 25% of railings.
Replace 26-50% of railings.
Replace all ratlings.”

Repair surface materials: Paint,
caulk, replace hardware; reroof.

Replace structure.

Replace roof structure (or identifiable
portion of). noet

Repair 20% roof areas

"

Resurface over existing roof covering.

Remove existing roof covering system
and install new roof.

Paint or replace selected trles:
Spackle and repaint entire ceiling or
soffit,



- 5 -
Subsystems ‘ - I
System (if applr- Life Expectancy Model Fix )
Number System Name cable) Elderly Family Treatment Level Condition Description Repair/Replacement Event
10-40 M Portion of ceiling material has been Paint with special prep work: Some
damaged: Paint flaking (<25% of special prep (scraping, patching,
surface); major stains, holes, cracks. feathering, taping) to ceiling before
Basic structural integrity 1s OK. resurfacing. Patch holes, seal stains,
skim coat plaster, retape joints.
10-40 25 25 A Surface and ceiling/soffit system have Replace surface and cerling/soffit
lost 'integrity: Major holes, fire or material: Replaster; rewallboard.
water damage, cracks, sags, flaking paint
or concrete slab surface-wide; non-
functicnal suspension system.
17 Roof Drainage 10-13 £ Minor damage to drainage system Repair system.
20-23 M !
10-13 g 20-60% of accessories damaged or missing. Replace 20-60% of accessories.
20-23 A*
10-13 E Majority (>60%) of roof accesseries Replace accessories
20-23 25 25 A missing or damaged and most of roof
drainage system 1s non-functional.
18 Chimneys M Chimney structurally 'sound but Rake out and repoint mortar joints;
deteriorated mortar and potentral waterproof.
moisture penetration.
25 25 A Chimney- structural ly unsound. Replace, rebuild chimney.
19 Hatches/ M Hatch door non-functional; structure Replace hatch/skylight.
Skylights bent, twisted, damaged beyond repair;
closing/locking mechanism broken or
missing. '
20 Penthouses A% Door not securable. Replace door.
30 30 A Evidence of moisture penetration and door Moisture proof penthouse and replace
not secure. door.
E Structure not intact--substantial fire, Rebuild penthouse.
wind or water damage; severe
deterioration. .
21 Hatls M surface intact but exhibits simple aging Resurface: Surface material needs to

or deterioration: Minor holes (nails);
discolored paint; failing occasional
grout; loss of panel adhesion to wall.

be restored with mnmimal prep work:
Repaint; replace occasicnal failing
grout; clean tile; refasten paneling.



System
Number

22

23

Subsystems

(if appli-
System Name cable)

Cei1lings

unit Interior
Doors

Model

Life Expectancy
Elderly Family

M

Treatment

Fix
Level

2

Condition Description

Surface has occasional damage but no loss
of partition integrity: Holes 1n
1solated tocations (e.g., from door
knobs}; drywall joints have popped; <10%
of tiles missing; discolored/deteriorated
paper/vinyl wall covering.

Considerable damage to surface and
portion of partition: Major holes or
cracks through 10-25% of partation; 10-
25%4 of tiles missing.

Partition has lost 1ntegrity:
Substantial fire or water damage;
settling or buckling of partitions.

surface intact but simple aging and
deterioration: Minor holes and cracks;
aging or occasional blistered paint,
flaking; minor statns; <10% missing or
damaged tiles.

Portion of ceiling materials has been
damaged: Paint flaking (<50% of
surface); missing 10-50% of tiles; major
wall stains, holes, bulges, cracks.
Basic structural integrity OK.

Surface and cei1ling system material have
lost integrity: Major holes, fire or
water damage, cracks, sags, flaking paint
on concrete slab surface-wide; non-
functicnal suspension system.

Door 1ntact but ajar in frame; some
hardware damaged or missing.

Door has lost its integrity as a result
of fire or water damage, vandalism, or
deterioration (buckling, holes, cracks,
surface scars). Jamb intact.

Jamb has lost 1ts integrity--broken,
warped, deteriorated, buckled, etc.

Repair/Replacement Event )

Major prep work required before
resurfacing: Replace 10% of tiles;
prime and seal for water damage; repair
and spackle joints; patch holes; remove
existing wallpaper or vinyl wall
covering and rewallpaper or repaint.

Resurface with partial partition
Replacement. Portions of partitions
(<25% total surface) have lost
integrity and need replacement
Replace sections of dry wall or
replaster, replace 10-25% of tiles

Replace partition and surface.

Paint or replace selected tiles:
Spackle and repaint entire ceiling;
replace <10% tiles.

Paint with special prep work: Some
special prep {scraping, patching,
feathering, taping) to ceiling before
resurfacing. Patch holes, seal stains,
skim coat plaster, retape joints,
replace 10-50% of tiles.

Replace surface and ceiling material:
Repair/replace ceiling system and
resurface; drywall over or scrape/prep
and seal flaking paint, rehang
suspenston system for acoustical tile;
scrape, readhere ceiling tiles

Replace hardware and rehang door.

Replace hardware and door {frame 1s
retained), paint wood doors.

Replace frame, door and hardware; paint
wood doors.




System
Humber

24

25

26

27

28

System Name

Floor Fimish

Interior ;
Construction

Radiation

Local HY Umt

Air Terminals

Li1fe Expectanc
Elderly Fam ly

subsyst?ms
(1f appli-
cable)

10

30,40 30

10,20 75

30,40

50,60 20

70 12

100

100 50

200,300,901-6 25

801-06 20
25

30

75

15
10

50
20

25

Model

Treatment

"

= PP

T

Stained carpeting; dull, dirty tile
floor; surface scratched wood floor; worn
paint on concrete; <10% of resilient tile

Worn surface, minor splintering, cracks

Carpet worn, severely stained; holes,
cracks in sheetgoods; tile 1s popping or
>10% missing; wood is buckling or warping

Interior finishes worn and exhibit simple
occagional floor fimish deteriorated.

Occasional wall, ceiling, and/or floor

Substantial damage to selected interior

Extensive water or fire damage; serious
vandalism; mechanical and electrical

Moderate leaks not warranting radiator
replacement, missing or severely damaged
(A for 2, 3)

One major compenent 1s faulty and needs

Two or more major components faulty,

Fix
Level Concdhtion Description

1
missing.

2 Occasional broken or missing tiles;
deteriorated, flaking grout.

3
or holes in sections (<25%).

4
and severe splintering.

1
aging; discolored paint or paper;

2
damage.

3
surfaces and systems.

4
systems not functioning.

2
radiator cover.

4 Radiation system 1s beyond economic
repair.

2
to be replaced (fan, coil, flue
(breeching), cabinet, blower motor)

4
require replacement.

4

Register 1s missing or physically abused.

Repair/Replacement Event

Shampoo carpeting, clean and potish
resiifent tile; sand and refinish wood
fg?ors; paint concrete; replace missing
tite.

Ceramic Trle only: Replace <10%,

regrout entire surface.

Wood only: Replace damaged sections
(<25%), refinish wood surface.

Replace Flooring.

Refinish: Repaint or rewallpaper;
replace occasional missing tiles.

Repair: Qeccasional surface damage in
walls, ceilings andfor floors; repair
doors; ceiling leaks.

Repair and replace: Extensive surface
damage requires replacement of half of
surfaces; replacement of selected MEE
systems.

kReplace with all new interior
construction including surfaces,
mechanical and electrical systems,

Replace or repair indicated component.
Replace entire system.
Replace the indicated component.

Replace entire system.

Replace entire system.




System
Number

29

30

N

32

33

34

35

Subsystems

(if epplr- Life Expectanc Model Fix N
System Name cable) Eldecly Family  Ireatment Level Condition Description
Temperature 100 M 4 Temperature control 1s 1noperative due to
Controls 200 25 25 A abuse, age,,corrosion; or s missing.
pwelling Unit E 4 Greater than 30% of the wall wiring needs
Electrical to be replaced (overload and/or. burn
out).
Buiiding M 1 Exterior entry light faulty beyond
Lighting repair.
10 8 A 2 Building-mounted site lighting fauity,
beyond repair.
. 25 25 A 3 Up to half of interior fixtures are
damaged, requiring replacement.

A* 4 More than half of interior fixtures need
replacement resutting from physical abuse
or deterioration.

Signalling/ 30 30 A 2 Need for replacement of in-umit
Communications signalling component.
[8ecurity .
30 30 A 3 Central portion of system dysfunctionsl.
Master TV 1 M Antenna dysfunctional.
System
2 M 3 Amplifier dysfunctional.
X 4 Mast/dish dysfunctional; system beyond
economc repair.
Fire/Smoke 40 10 A 2 Detector(s) need replacement.
Detection
40 20 A 3 Anmuncistor needs replacement.
Kitchen M 1 Cabinet paint peeling, minor holes and
Cabinet/S1nk nicks; occasional door fronts or drawers
missing but cabinet base in sound
condition; sink fittings toose, leaking
or non-functional.
' A* 2 Cabinets in good condition; countertop

worn, delaminated, deteriorated; sink
chipped or cracked or generally
deteriorated.

Repair/Replacement Event

Replace the temperature control.

Replace branch wiring, outlets,
fixtures.

Replace with_exterior entry Light.
Replace building site lighting.

Replace half of interior fixtures and
associated system elements.

Replace all fixtures and associated
system elements.

Replace appropriate component.

Replace appropriate central system.

Replace antenna.

Replace amplifier.

Replace system.
Replace faulty detector(s).

Replace annunciator.

Refinish existing cabinets; replace
occasional doors; andfor replace
fittings.

Remove and replace countertop with new
countertop and backsplash; remove and
replace sink and fittings.



System
Number

36
37

38

39

40

41

Subsystems
(if appli- Life Expectancy
System Name cable) Elderly Family
25 20
Kitchen Stoves 15 15
Kitchen "5 "15
Refrigerators
Bathroom
Fixtures
40 25
Bathroom
Accessories
40 25
Laundry
Facilities
Mail 50 10

Facilities

Model

Treatment

A*

A*

A*

AX

Fix
Level

Condition Description

3

Cabinet paint peeling, minor holes and
nicks; occasional door fronts or drawers
missing but cabinet base in sound
condition; countertog worn, delaminated,
deteriorated; sink chipped or cracked or
generally deteriorated; fittings loose,
leaking or non-functional.

. Water, fire, or vandal 1sm damage to

counter surface and cabinet base;
majority of doors and drawers missing or
broken; cabinet base has lost 1ts
integrity.

Stove missing or non-functional where PHA
provides appliances.

Refrigerator missing or non-functional
where PHA provides appliances.

,Afllplumbing fixtures intact, but
fittings are broken or non-functional

‘One fixture 1s chipped, rusted, cracked,
.or deteriorated.

Two fixtures are chipped, rusted,
cracked, or deteriorated.

Bathtub- chipped, rusted, or deteriorated.
, If public facility, 3 or more fixtures
chipped, rusted, or deteriorated,

Several (2-3) accessories missing or
broken.

Majority of accessories missing or
broken. -

Electrical, service unsafe or water
supply/drain in disrepair or vent non-
functional.

At least 2 components (electrical
service, water supply/drain, vent) non-
functional.

Mairlboxes missing or damaged and not
securable.

Repair/Replacement Event

Refinish existing cabinets; replace
cccasional doors; replace countertop,
sink and fittings.

Remove and replace sink and cabinet
system.

Replace stove.
Replace refrigerator.

Install new fittings on tavatory and
bathtub (include new shower head).

Replace one fixture (lavatory or
to1let)}.

Replace lavatory and toilet.

Replace tub and any other fixtures that
have deteriorated. -

Replace 2-3 non-functioning, missing,
or broken accessories.

Replace all accessories.

- Y Y -

Repair electrical service or water
supplty/drain or vent.

Replace all components

Replace mailboxes.




System
Number

42

43

44

45

46

Subsystems

(if appl1- Life Expectancy

System Name cable) Elderly Family
Compactor

10 10
incinerators
Management
office
Equipment
Package

50 50
Maintenance
Facilities
Equipment
Package

30 30
Earthwork

Model
Treatment

b}
A%

A*

= == >

A¥*

Pump or moter or entire piston-cylinder

Pump and motor or piston-cylinder ‘and ram

Entire system 18 beyond economic repair.

Stack has fallen apart or separated from

incinerator 1s fully cracked; some flue

Entire system 1s beyond economic repair.

Minor damage to countertops or built-ins.

Substantial damage to countertops or
All built-1ns have lost integrity from

Minor damage to facilities and surfaces;

Damage to less than haif of faciiities.

Fix
Level Condition Description

1 Chute door dysfunctional.

2
dysfunctional, require replacement.

3
with guides dysfunctional, require
replacement.

)

1 Chute door 1s dysfunctional.

2 Burner system faulty.

3
building 1f on exterior; brick at
brick requires replacement.

4

2

3
payment booth area, if present,

4
fire, water damage or vandalism.

2
chipped or aging paint.

3

4

Extensive damage to all built-1n
facilities.

Spot erosien: Surface erosion; poor
drainage; gulleys; ponding; etc. In
1solated locations; minor settlement of
backfill around buildings.

Repair/Replacement Event

Replace chute door.

Major overhaul or replacement of one
major component.

Major overhaul or replacement of 2
major coemponents.

Replace entire system.

Replace chute door.

Replace/reparr burners.

Replace stack, repair major brick

Replace entire system and stack.

Repair damaged areas.

Replace countertop or safe or booth.
Replace all built-1ns.

Minor repair to facilities; refimish
and/or repaint.

Major repair or replace of less than
half of facilities.

Replace all maintenance facilities.

Spot regrading of up to 10% of observed
si1te area.



System
Number

47

48

Subsystems

(if appli-
System Name cable)
Roadways

10

10

20
parking

Life Expectanc
Elderly Fam1Ex

23
15

25

25
15

25

Model

Treatment

§

AXx

A*

-1 -

Substantial erosion: Surface erosion;
poor drainage; gulleys; ponding; etc. on

Erosion of majority of site: Systemic,
targe probiem areas of surface erosion;
poor drainage; gulleys; ponding; etc. on
more than half the cbserved si1te area.

Spot deterioration of surface; pot holes;
curb displacement n selected areas;
occasional severe cracks or concrete

Deterioration, settlement, or surface
allrgatoring of 10-50% of roadway and
curbs; occasjonal dysfunctional Light,

Petertoration, settlement, or surface
alligatoring of 51-100% of roadway with
selected holes and curb displacement;

Entire road surface and base deteriorated
and hazardous; most lights and drains

Spot deterioration of surface; pot holes;
curb displacement in selected areas;
occasional severe cracks or concrete
displacement; isolated ponding areas.

Fix
Level Condition Description
2
11-50% of observed site area.
3
1
displacement.
2
drain.
3
approXimately 50% of lights and
occasional drains dysfunctional.
4
dysfunctional.
1
2 Deterioration of 10-50% of parking
surface and curbing.
3

Detertoration of 51-100% of parking
surface and curbing.

Repair/Replacement Event

Regrade 11-50% of site.

Regrade most of the observed area of
the site (>50%).

Patch where necessary (<10% of
surface); repair potential hazards;
replace swail areas (<10% of road);
regravel <107% of road.

Repair selected holes, curbs, lights,
drains, and resurface 10-50% of paved
roadways. Modest surface preparation
anddregraveling of 10-50% of unpaved
roads.

Resurface entire paved roadway and
reset or replace curbing, replace half
of lighting, repair drains. Surface
pregaration and regraveling of unpaved
roads.

Demoltsh existing roadway and
reconstruct new base and surface.
Regrading and regraveling of all
unpaved roads. Replace associated
Lighting, curbs, drainage.

Patch <10% of surface; repair pot
holes, sunken areas or swails;
reset/replace <10% of curbing.

Repair selected holes or pond areas and
resurface 10-50% of parking. Modest
surface preparation and regraveling of
10-50% of uhpaved parking lot.

Resurface parking lot and réset/replace
curbing. Ssurface preparation and
regraveling of 51-100% of unpaved
parking lot.




System
Number

49

50

51

System Name

Pedestrian
Paving

Retaining
Wwalls

Soft Site
bevelopment

Subsystems
(if apply~
cable)

11-14
21-24,41-43
31,32

10-40
100-400

Life Expectancy

Elderly Family
15 15
20 20
15 15
10 10
20 20

Model

Treatment

8

A%

-2 -

Entire parking lot, including base, has

o

Spot deterioration of <10% of surface,

severe cracks or displacement; sunken
areas or holes; cracked mortar; spalled

Deterioration of significant areas (10-

occasional lights require replacement.

pedestrian paving surface; up to half of

surface and base of pedestrian areas
deteriorated--system-wide cracking,
heaving, sunken areas; more than half of
lights and railings at stairs require

Occasional deterioration: Occasional
cracking, seepage, surface damaged but

Heaving
affecting entire wall; foundation or
§88:- Existing soft soft site generally

Minor damage or
deterioration (or missing elements) of

enclosure system; peeling paint or rusted

deterjorated and much of the growth 1s
Minor damage or

peeling paint or rusted site furniture,

Fix
Level Condition Description

4 »
deteriorated:- .

1
concrete; lights intact.

2 -
50%) of pedestrian paving surface;

3 Deterioration of more than half of
the lights require replacement;
occasional damage to ratlings at
stairkays.

4
replacement.

2
wall has basic integrity.

& Wall has lost integrity:
leverage failure.

1
in good condition but some worn
landscaped areas. HSS:
site furmture.

2 $8s: 10-30% Landscaped areas are
dead/dying. HSS:
deterioration of enclosure system;

3 88S: 31-60% Landscaped areas

deteriorated. HSS: Several major
components deteriorated.

Repair/Replacement Event

Demolish existing lot and reconstruct
new gravel base and wearing course;
complete regrading and regraveling of
unpaved lots.

$pot repair (<10%) of pedestrian areas:
Patch bitumnous; reset or replace
concrete sections; repair mortar in
brick areas.

Resurface sigmificant portion (10-50%)
of pedestrian areas.

Resurface more than half of pedestrian
areas.

Demotish and reconstruct new pedestrian
walkways. : -

Fill cracks, repsint or clean; reset
portions; regrout.

Remove existing and replace.

§§$: Reseed, replant small areas
(<10%) of site. HSS: Repair, refimsh
occasional enclosures/fencing; general
paint touch-up of si1te furniture.

§88: Reseed, replant 10-30% of the
site. HSS: General.repair/maintenance
to HSS elements,

$8S: Reseed, replant-31-69% of site.
HSS: Replace approximately 50% of
elements.




Subsystems

System (if appli- Life Exgectanc¥
Number System Name cable) Elderly Fami ly

52 S1te-Hide
Freestanding
Structures
(Exterior)

20

53 Waterproofing

54 Slab

55 Wood Frame

20

_13-

¢

Condition Description

’

§585: Greater than 60% of landscaped
areas are deteriorated. HSS-
Essentially all components worn, damaged
or missing.

Facility generally in good condition but
some minor elements (doors) broken or
missing; some weathering of exterior
wall; electrical service adequate but
exterior lighting dysfunctional.

A major component (exterior wall, roof,
windows or doors) has deteriorated; other
elements generally in good condition.

Severe deterioration of exterior closure:
Grouting of brick surfaces has
deteriorated; evidence of water
penetration; siding has lost 1ts
integrity; substantial roof leaks to
interior.

Structure and exterjor enclosure have
lost their 1ntegrity; severe structural
damage from water/fire, settlement or
vandal 1sm.

Dampness: Continuously damp foundation
creating moisture conditions that are a
health or potential structural integrity
problem.

Standing water on floor or 1n craul
space. Substantial cottection of
subsurface water from grade or a
subsurface stream above the bottom of the
footing causing deterioration of
foundation structure.

0-20% of slab is broken or has buckled.
21-30% of burlding slab 1s broken or has
buckled. = i

Hore than half of slab has broken,
buckled and lost 1ts original integrity.

Minor deterioration (cracking) of

&

Repair/Replacemené Event

§88: Reseed, replant 100% of the site,
HSS: Replace total recreation/sitting
area; replace total enclosure system;
repair/replace drains, etc.

Paint, where apEropriate, f1x doors;
repatr roof leaks; repalr Lighting as
needed.

Replace wall surfgce, windows, roof, or
doors; general maintenance on other
elements.

Major rehabilitation of exterior

closure system: Replace exterior
surfaces; replace roof.

Replace basic structure and exterior
closure system (essentially new
construction).

Waterproof foundation.
Waterproof foundation and instaill

underdrain outside-of foundation wall
or from crawl space, or sump pump.

Patch and replace 0-20% of building
slab.

o+ -
Replace building slab as required,

Replace entire slab.

Bracing and gussets; shore up floor and



System
Number

56

57

Subsystems
(if appli- Life Expectancy Model Fix
System Name cable) Elderty Fami Ly Treatment Level
E 4
Elevator Shaft M 1
and Doorways
15 10 A 2
S 3
5 4
Elevator Cab M 1

« 14 -

Condition Description

structural members or evidence of minor
sagging or deflection; evidence of
termite damage and potential structural
unsoundness.

Major systematic deflection or floor
fatlure; severe fire damage with loss of
structural integrity 1n floor.

Any electrical 1tem such as the stop
switch, Limit switch{es), leveling
switches, ete. except travelling cables,
are dysfunctional, compensation chain
rope damaged or missing.

Door gibs, hangers or hinges damaged,
vane dysfunctional, counterweight guard
missing, governor tension sheave guard,
spring or weight dysfunctional or
missing, sheave hearings are noisy,
travelling cables 1nsulation sheath
frayed, wires internally broken, selector
tape broken, counterweight or cab rail
anchors loosening, 104 of doors are
damaged, piston/cylinder seal leaks but
piston surface is not scored,
counterweight tie rods cracked, pins are
bent. T[Mote: observe the Yropes"
{cables) for fraying, excessive rouge,
deficient lubrication from the core. Do
not include this observation here but use
with evaluation of cables in 0/S 58.]
Buffers are leaking or spring 1s broken.

The majority of the observations listed
under “Moderate" are chserved or up to
50% of the doors are damaged, or
piston/eylinder 1s severely scored or
guide raits are damaged as a result of
missing rubber on cab rollers,

The majority of the observations listed
under "Major® are observed, and/or 51% of
doors heed to be replaced, or entire
system 1s beyond economic repair.

Light fixture, fan, disglay Lamps,
selector buttons, telephone, handrails,
toe guard missing or dysfunctional.

Repair/Replacement Event

replace a few columns or beams

Replace entire floor framing system.

Replace the dysfunctional 1tem(s) and
perform all adjustments necessary.

Replace/repair 50% of the listed
observations and perform all necessary
adjustments.

Replace/repair the missing or
dysfunctional components and perform
all necessary adjustments

Replace and adjust the system.

Replace the indicated component(s).




System
Number

58

- 15 -

Condition Description

Subsystems
(1f appli-
System Name cable)

Elevator
Machine Room
Equipment

Life Expectancy Model Fix
Elderly Family Treatment Level
M 2
30 15 A 3
s 4
M 1
30 25 A 2
$ 3

20% or more of cab interior fimish 1s
damaged, door, guides, motor and drive
are faulty, cab rollers are Wern.

Safety blocks, rollers, cables, cab frame
needs welding, floor finish needs
replacement all as a result of urine
corrosion.

Entire system i1s beyond economic repair.

Worm thrust bearing knocks, brake pads
are worp, brake pin knocks, controller
relays burht-out, worm gear seals leak,
bedplate has a minor crack, hydraulic
fittings leak, governor guard missing,
hoist ropes guard missing, governor power
interlock dysfunctional, resistors not
mounted or burnt-out, Worm gear hot
oiled, commutator brushes worn or
m1ssing.

Brake drum scored, commutator on motor or
motor generator shiny, not chocolate
brown, drive sheave vee groove wWornh, worm
gear has eccentric uwear, brake solenoid
dysfunctional, motor generator bearings
noisy, cooling fan damaged, wye-delta
relays burnt out, solid state relay
boards dysfunctional, hydraulic slide
valve dysfunctional, or major overhaul or
replacement of one to two major
components: Motor or motor generator
urnt-out, ropes are frayed, crowned and
excessive rouge present, worm and worm
gear teeth excessively worn indicated
visually and audibly (backlash), drive
sheave beyond undercutting, controller
dysfunctional, hydraulic pump_set
dysfunctional, pydraulic reservoir
severely corroded.

Majority of repair actions under
"Moderate® are needed and a major -
component needs major overhaul or
replacement or three major components are
dysfunctional.

Repair/Replacement Event

Replace the indicated components and
perform all necessary adjustments.

Replace the components and waterproof
the floor 1f necessary.

Replace entire system.

Replace/repair indicated component(s)
and perform all necessary adjustments.

Replace brake drum, turn and undercut
commutator({s), turn and undercut drive
sheave vee-groove, align worn and worn
gear, replace/repair dysfunctional
compenent(s) and perform all necessary
adjustments

Replace/repair dysfunctional components
and perform all necessary adjustments.



System
Number

59

60

61

62

System Name

Fuel O1l
Storage

Fuel O1l
Transfer
System

Purchased
Steam Supply
Station

Solid Fuel
Storage and
Conveyance

Subsystems
(1f appli-
cable)

Life Expectancy

Elderly Family
40 40
25 75
30 30

Model

Treatment

]

A*

A%

Fix
Level

4

Condition Description

75% or more of this system is
dysfunctional and beyond economic repair
as a result of antiquity and/or
availability of compatible replacement
parts.

Need for repair and/or replacement of a
minor component, With associated system
adjustments, repairs and/or replacements.

Major components need overhaul or repair.

Major components are beyond economic
repair; replace system.

Pump and/for motor 1s not functioning, or
half of piping 1s leaking/corroded.

Preheater is not functioning or piping is
corroded.

ALl of the components are deteriorated,
function improperly, andfor are beyond
their useful life.

Need for repair and/or replacement of a
minor component, With associated system
adjustments, repairs and/or replacements.

Replacement of a major component.

System is beyond economic repair due to
age and excessive corrosion caused by
steam quatity and environment such as a
damp room.

Need for repair and/or replacement of a
minor compenent, with associated system

adjustments, repairs and/or replacements.

Reea1r/Rgplacement Event

Replace entire machine room equipment.

Clean tank, replace a specialty item,
repair/replace tevel gauge assembly,
clean out piping.

Patch leaks or reline underground
tanks, replace tank heater, specialties
and level gauge assembly.

Replace tank{s) resulting from .
excessive leakage caused by corrosion.

Replace pump and motor set or 30% of
piping.

Replace preheater or entire piping and
pump set.

Replace system.

Adjust PRV, clean/replace strainers,
tighten leaky joints and fittings,
repair pipe su?ports, replace flow
meter, overhaul PRV pitot and
diaphragm, replace condensate pump (if
present, clean separator).

Replace faulty, leaky PRV rty, replace
condensate tank (corrosion) and pump
(if both are present).

Replace major components.

Patch/repair damaged retaining walls,
broken conveyor belts or drives, repair
dryer, lubricate or replace noisy
bearings and motors.



Subsystems
System Of appli-
Number  System Name cable)

&3 Bottled Gas
System

&4 Heat Exchanger
for Space/
Water Heating

65 Boflers/
Hydronic
Packaged Unit

Life Expectanc
Elderly Famity

20

35

20

35

Model
Ireatment

S

A*

A%

Fix
Level

3

- 17 -

Condition Description

Conveyor, bin or dryer(s) deteriorated
beyond simple repatr.

Storage bin 1s excessively corroded or
deteriorated, conveyor (stoker) and dryer
are beyond useful life and/or are
excessively abused and not justifiably
repairable.

Need for repair and/or replacement of a
minor component, With associated system
adjustments, repairs, and/or
replacements.

Need to replace 50% of the tank(s)
resuiting from physical abuse andfor
corrosion or need to replace piping and
specialties resulting from excessive
corrosion or beyond useful lives.

All of the major components are beyond
their useful tife resulting from -
excessive corrosion and/or physical
abuse.

Need for repair and/or replacement of a
minor component, with associated system
adjustments, repairs and/or replacements.

System operating at low efficiency
despite good maintenance; shell exhibits
no Corrosion

System operafes at low efficiency, shell
corroded and leaks.

Need for repair end/or replacement of
mnor components, with associated system
adjustments, repairs and/or replacements.

One of the major system components

{burner, boiler, cast iron secttons,
insulation, combustion chamber) has
deteriorated beyond economic repair.

Repair/Replacement Event

Patch or replace 70% or more of storage
retaining walts, replace conveyor
system (stoker}, replace dryer(s}

Replace system

Adjust, repair or replace a speciralty
1tem, repair tank or pipe supports.

Replace 50% of tanks or piping and
specialties.

Replace ehtire system.

Clean tubes, control adjustments/
replacements, tighten joints and valve
packings, replace head gaskets, repair/
replace strainers, traps, supports.

Retube heat exchanger or replace steam
or HW supply and return system.

Replace system.

Clean tubes, "tune up" burner, repair
mnor leaks 1n shell or tubes or cast
1ron sections, repair refractory brick,
repair burner, repair minor 1nsulation
patches, replace controls and gauges.

Major overhaul or replacement of a
major compohent.




System
Number

66

67

68

69

Subsystems
(1f appli- L1fe Expectancy
System Name cable) Elderly Fami Ly
25 25
Hot Aip
Furnace System
25 25
Flue Exhaust
System
25 25
Combustion Air
System
25 25
Boiler Room
Piping . .

Model

Treatment

A%

A*

A*

A*

A¥

AX

- 48 -

detertorated beyond economic repair.
Total system 1s beyond 1ts useful life
Need for repair and/or replacement of a

minor component, with associated system
adjustments, repairs and/or replacements

8urner, combustion chamber or fan faulty,
Entire system is beyond economic repair

Need for repair and/or replacement of a
mnor component, With associated system
adjustments, repairs and/or replacements.

One major component (fan, insulation,
breeching/specialties) 1s deteriorated

Breeching is excessively corroded, fap 1s
1hoperative, sEeclaltles are 1noperative,
eyond economic repair.

Fan or preheater deteriorated beyond

ALl major components are excessively
worn, or physically sbused; system 1s

Need for repair and/or replacement up to
19% of piping, with associated system
adjustments, repatrs and/or replacements.

Fix
Level Condition Description

3 Two of the major systems have
4

and/or economc repair.
2
3

beyond economic repair.
4

and useful life.
4
3

beyond economic repair.
4

and system is
2

repatr.
4

beyond economic repair.
2
3

26-50% of the piping needs replacement
from corrosion, leakage.

Repair/Replacement Event

Major overhaul or replacement of two
major components.

Replace system.

“Tune up" burnher, adjust/replace
controls, patch small air leaks, secure
Loose mounts, clean/replace humidijfier,
lube fan, clean flue, adjust draft
controls.

Replace the faulty component.
Replace system

Patch insulation, repair small leaks in

breeching, repair breeching supports,
adjust pollution monitoring controls,
adjust draft dampers and/or controls,
glean breeching and stack, repair noisy
ans.

Replace fan, replace insulation,
replace 30% or more of the breeching
and specialties.

Replace entire system

Replace fan or preheater, as indicated.

Replace entire system.

Replace indicated piping.

Replace 1ndicated piping.




System
Number

70

7

72

Sugsystfms
(if appli-
cabfg)

Life Expectancy

System Name

Boiler Room
Pipe
Insulation

Plant Hot
Water
Circulation

Blowdown and
Water
Treatment

Condensate and
Feedwater
System

Elderly  Family
50 50
15 15
25 25

Model

Treatment

A

A*
A¥

A*

Fix
Level

4

- 19 -

Condition Description

chronic corrosion of joints, valves and
strainers, resulting in excessive leaks
or possibility of systemic failures;
majority of piping needs replacement.

Jacket 15 torn or loose on 60% or less or
insulation is missing on 20% or less.

Insulation is missing or damaged on
approximately 21-40% of insulation.

Insulation 1s missing or demaged on
approximately 41-60% of insulation.

Majority of insulation is damaged from
pipe leaks, roof leaks, ete. and 60% or
more of the wnsulation needs to be
replaced.

One major component (pump and motor,
expansion tank(s), air separator) is
deteriorated.

Two major components are deteriorated.

Atl of the major components are
deteriorated.

Need for repair and/for replacement of a
minor component, With associated system
adjustment, repairs and/or replacements.

Blowdown tank or btowdown valves wWith
timer exhibit corrosion.

Blowdown tank and valves and controls are
beyond repair along with the chemical
treatment system.

Need for repair and/or replacement of a
minor compohent, with associated system
adjustments, repairs and/or replacements.

Repair/Replacement Event

Replace entire system.

Secure jacket with high temp. tape or
band clamps, patch torn jackets or
missing 1hsulation,

Secure jacket with high temp. tape or
band clamps, patch torn jackets or
missing thsulation.

Repair damaged or missing insulation.

Replace entire 1nsulation.

Replace indicated component.

Replace the two 1ndicated components.

Replace the entire system.

Replace injection pump and/or chemical
storage tank. Replenish chemicat
solution, adjust blow-cown timer; clean
tank and drain, clean clogged lines;
tighten leaky Joints and fittings.

Replace one component.

Replace entire system.

Replace level controls of tanks and/or
boilers/HX; replace feedwater valve(s).
Clean/replace steam tfaps, strainers;
tighten leaky joints and fittings;
tighten valve packings; patch tan
insutation.




System
Number

T4

7%

Subsystems
(1f appli- Life Expectancy
System Name cable) Elderly Family
25 25
Central 15 15
Spacing
Temperature
Control
Burlding 20 20
Heating Zone
Valve
Bui lding
Heating Risers
and
Distribution
101-106
201-202
101-106
201-202
101-106 75 75
201-202
Ventilation 15 15
and Exhaust
Systems

Modet

Ireatment

A

A*
A*

A*

Fix
Level

2

- 20 -

Condition Description

One major component {pumps, tanks,
piping) faulty and/or corroded.

Replace two or more major components.

Entire system 1s deteriorated beyond its
useful life and economic repair. ALl of
the major components need replacement.

Controtler 1s 1noperative.

Zone val@e, actuator or weatherstat
faulty.

Entire system is old or physically abused
and inoperative.

Need for repair and/for replacement of up
to 19% conduit with associated system
~djustments, repairs and/or replacements.

20-40% of conduit needs work as a result
of enviropmental or internal corrosion,

abuse, etc. or conduit 1s not tnsulated

properly.

41-70% of conduit needs work as a result
of environmental or internal erosion,
abuse, etc. or conduit s not insulated
properiy.

Greater than 70% replacement need
indicates a systemic problem, thus system
is not economically repairable.

Far: is 1neperative. NA for Type 2.

Fan is inoperative; up to 10% of ductwork
is corroded and needs to be replaced or
water/filler media dysfunctional. NA for
Type 2.

' Repair/Replacement Event

Replace indicated component.

Replace 1ndicated components.

"Replace entire system.

Replace entire system.

Replace either a faulty zone valve,
actuator or weatherstat.

Replace entire system.

Repair supports, patch insulation,
patch or replace leaky sections, cap
off open-ended ducts, clean clogged
return Lines that are in good
condition,

Replace 1ndicated runs and 1nsulate all
exposed conduit.

Replace indicated runs and insutate all
exposed conduit.

Replace entire system.

Replace fan,

Replace fan, indicated ductwork or
water/filler media.



System
Number

78

79

80

81

System Hame

Air
Conditioning

Gas Supply
Station

Building Gas
Distribution

Domestic Hot
Water
Generation

Subsystems
(1f appli-
cable)

101,206
mm

Life Expectanc
Elderly Fami Ly

15 15

5 5
30 30
30 30
20 - 20

Model

Treatment

S

A*

A%

A*

A'k

-21 -

Total ductwork is corroded, abused and
evaporative cooler system dysfunctional.

Compressor and/or fan dysfunctional;
i (NA 1f single room

Entire system 1s beyond economic repalr

Sole or both components and piping are
beyond useful {ife or are unsafe or are

Replacement or repair of 10% or less of
piping and supports due to corrosion or

weather, storm leaks, etc and needs to
Corrosion and leakage is systeﬁ1c 1f

Need for repair and/or replacement of one
minor component, With associated system
adjustments, repairs and/or replacements.
Approximately 10% needs replacement. NA

Need for repair and/or replacement of
several mnor components, with associated

replacements. Approximately 30% needs
replacement. MNA for SFAD or in-umt,

Major component requires major overhaul
or replacement. Approximately 50% needs
replacement. NA for SFAD or in-unit.

Fix
Level Condition Description
4
beyond economic repair; or total
2
requires replacement.
air conditioning)
4
and useful Life.
&
noperative.
1
abuse.
2 11-30% of piping 18 corroded from
be replaced; problem 15 lLocal.
4
beyond 30% of replacement.
1
for SFAD or in-umit.
2
system adjustments, repairs and/or
3
4

System is beyond economic repair.

Repair/Replacement Event

Replace entire system. Applicable for
lozal only.

Half of the conditioning equipment
needs major overhaul or replacement;
condensing units or evaporators; pumps
(fans).

Replace entire system.

Replace PRV rig and pump when both
present or the applicable one when only
one 18 present.

Replace ndicated piping and supports.

Replace the 11-30% of piping and
supports.

Replace entire distribution.

Adjust/replace temperature controls;
clean heat exchanger; "tume up" burner;
tighten leaky fittings and valve
packings; replace gaskets; replace
small eircutating pumps or other
peripherals; patch insulation; clean
solar panels.

Adjust/replace temperature controls;
clean heat exchanger, "tune up" burner,
tighten leaky fittings and valve
packings; replace gaskets; replace
small circulating pumps or other
peripherals; patch nsulation; clean
solar panels.

Replace either the burner(s) or all of
the Eer1pherals and tank insulation or
retube heat exchanger or replace
combustion chamber; replace solar
panels.

Replace system.




System
Number

8z

83

84

85

86

Subsystems
(if appl1-
System Name cable}

Life Expectancy
Elderly Famly

Building
Domestic Hot
and Cold Water
Distribution

Domestic Cold
Water Supply
Station

Sewage
Ejectors

Sump Pumps

Building
Sanitary Waste
and Vent
Distribution

50

30

50

20

50

30

50

20

Model Fix
Treatment Level
M 1
A* 2
A* 3
A 4
M 2
A* 3
A 4
A* 2
A* 3
A 4
A* 2
A 4
M 1
8 2

~ 22 =

Condition Descri ption

Need for repair and/or replacement of up
to 19% of total piping or up to 30%
mnsutation, with associated system
adjustments, repairs and/or replacements.

20~40% of total piping needs replacement
as a result of corrosion and/or physical
abuse.

Complete hot or cold water distribution
system needs replacement.

Hot and cold water system is corroded and
suffers from excessive leaks.

Need for repair and/or replacement of a
minor component, with associated system
adjustments, repairs and/or replacements.

One major component (ﬁump and motor,
brine tank, house tank) 1f faulty,

Entire system 1s beyond economic repair
as a result of corrosion, wear and tear
or physical abuse.

Unit is inoperative due to faulty and
major component, or tank leaks
excessively.

Pump and motor are inoperative and beyond
repair.

System is beyond economic repair.

Motor inoperative.

System 1s beyond economic repair.

Need for repair and/or replacement of up

to 19% of piping, with associated system
adjustments, repairs and/or replacements.

20+40% of the piping leaks from corrosion
or 1ts free area is clogged from
unremovable corrosion.

Repair/Replacement Event

Repair/replace 1ndicated piping and
nsulatien; repair small leaks;
repair/replace pipe supports.

Replace indicated piping and
1nsulations.

Replace hot or cold water distribution.
Replace entire hot and cold water
distribution.

Replace pump seal, repack valve glands,
replace water softener treatment medha.

Replace 1ndicated component.

Replace system.

Replace the tank, pump or motor.

Replace pump and motor.

Replace all system.
Replace motor.
Replace all of the components.

Replace affected piping.

Replace affected piping.



System
Number

87

88

89

90

9

g2

System Name

Fire Pumps

Fire
Suppression
System

Smoke and
Ventilation
Control

Power
Transformer
Station

Electric
Distribution
Center

Building Power
Wiring

Subsystems
Of appli-
cable}

Life Expectanc
Elderly Fam1zx

100
202-206

202-206

20

15

20

15

Model

Treatment

$

Fix
Level

3

- 23 -

Condition Description

41-70% of piping leaks from corrosion, or
its free area is clogged from unremovable
corrosion.

Basement runs and risers are all clogged,
deteriorated, and teak; if this 1s 7% or
greater, problem is systeme.

Either pump or motor inoperative.

fygtem is beyond repair and/or useful
1fe.

Extinguisher and/or sprinkler head(s)
and/or tamper flow switches are damaged
or missing.

Sprinkler/standpipe station 1s
dysfunctional.

Stati1c pressure controls and components
are dysfunctional.

Fan motor dysfunctional

Entire system 1s beyond economic repair.

Switch gear failed. -

Transformer failed.

Transformer and switch gear failed.

Panel 1s “burnt-out" or physically
abused; service feeders burnt out.

Up to 0% of the wire or conduit needs to
be replaced as a result of a detectable
cause such as an equipment failure,
incinerator fire, copper-to-aluminum
connections, etc.

Repair/Replacement Event

Replace affected piping.

Replace the entire system including
venht stacks.
Replace indicated component.

Reptace system.

Replace appropriate compehent.

Overhaul/replace sprinkler/standpipe
station.

Replace sensors and controls; repair
supply/relief dampers.

Replace the fan motor.

Replace the entire system.

Replace switch gear.

Replace transformer.

Replace transformer, switchgear, and
Wiring.

Replace entire panel. Pahel and
service.

Reptace affected wire and copper to
aluminum connections With copper to
copper.




System
Number

93

94

95

System Name

Emergency
Lights and
Pouer

Site Heating
Distribution

Site Gas
Distribution

Subsystems
(if appli-
cable)

11-23

11-23 35

40

40

Life Exgectancf
Elderly Fami Ly

35

40

40

Model
Treatment

s

A*

A*

o

AX

Condition Description

More than 50% of wire needs to be
replaced as a result of systemic overload
or service does not meet local codes for
D.U. ampacity rating.

Emergency light unit faulty.

Cracked block, thrown rod, bearings,
valves, fuel pump and/or 1ngectors gone.

Multiple minor and major components of
generator dysfunctional; generator beyond
economic repair.

1-19% of piping damaged from ground
shifts or local water table corrosion.

20-40% of piping externally damaged from
ground shifts or local water table
corrosion.

41-60% of piping externally damaged from
ground shi1fts or local water table
COTros10n.

Piping is internally corroded and leaks
in 40% or greater pipe runs indicating
systemic corrosion or greater than 60% of
piping externally damaged.

1-19% of piping externally damaged from
ground shifts or Local water table
corrosion.

20~40% of piping externally damaged from
ground shifts or local water table
corrosion.

41-60% of piping externatly damaged from
ground shifts or local water table
corrosion.

Piping is internally corroded and leaks
in 40X or greater pipe runs wndicating
systemic corrosion or greater than 60% of
piping externally demaged.

Repair/Replacement Event

Replace entire wiring within building

Replace unit.

Repair/replace 1ndicated component(s)
with associated system adjustments,
repairs and/or replacement,

Replace generator.

Replace damaged piping; patch
insulation where damaged; repair pipe
supports where accessible.

Replace damaged piping; patch
insulattion where damaged; repair pipe
supports where accessible.

Replace damaged piping; patch =
insulation where damaged; repair pipe
supports where accessible.

Replace entire system.

Replace the damaged piping.
Replace the damaged piping.
Replace the damaged piping.

Replace the entire system.



System
Number:

96

7

98

99

Subsystems
(if appli- Life Exgectanc¥ Mode!
System Name cable) Elderly Family Treatment
Site bomestic M
Cold Water
Distribution
A*
A*
40 40 A
$ite Domestic M
Hot Water
Distribution
A*
A*
40 40 A
Well Water A¥
System
30 30 A
30 30 A
Site Power M
Distribution,
Wiring
A*

- 25 -

condition Description

1-19% of piping externally damaged from
ground shifts or lLocal water table
corrosion.

20-40% of piping externally damaged from
ground shifts or local water table
corrosion.

41-60% of piping externally damaged from
ground shifts or lLocal water table
corrosion.

Piping is internally corroded and leaks
1n 40% or greater pipe runs indicating
systemic corrosion or greater than 60% of
piping externally damaged.

1-19% of piping externally damaged from
ground shifts or local water table
corrosion.

20-40% of piping externally damaged from
ground shifts or local water table
corrosion.

41-60% of piping externally damaged from
ground shifts or local water table
corrosion.

Piping 1s internally corroded and leaks
in 40% or greater pipe runs indicating
systemic corrosion or greater than 604 of
piping externally damaged.

Pump and motor faulty.

Casing and screen deteriorated.

System is beyond economic repair and/or
useful life, but wells are still active.

Less than 20% of wiring needs to be
replaced as a result of external abuse
{e.g., trees, weather).

20-40% of wiring and supports need to be
replaced.

Repair/Replacement Event

Replace

Replace

Replace

Replace

Replace

Replace

Replace

Replace

Replace

Replace

Replace

Replace

conduit.

Replace

conduit.

the damaged pipes.

the damaged piping.

the damaged piping

the entire system.

the damaged piping.

the damaged piping.

the damaged piping.

entire system.

pump and motor.

casing and screen.

entire system.

damaged wire and supports or

damaged wire and supports or



Subsystems
System (if appli-

Number System Name

100 S1te Samitary
Distribution

101 Water Tank

1 A represents

A* represents
purposes.

M  represents
§ represents
E represents

X represents

Life Expectancy
cable) Elderly Family

40 40

85 65

an age-related accrual event,

an age-related accrual event that is captured by another accrual action.

routine maintenance.

41-70% of wiring and supports need to be

1-19% of system requires replacement.

20-40% of system requires replacement

41-70% of system requires replacement.

inside water Line on wood shows evidence
inoperative, heat trace on riser pipe

Inoperative, riser pipe has a small leak,
tank leaks in a couple of seams, heat

Moderate amount of repair required on

Steam or electric tank heater corroded or
dysfunctional, tank band clamps severely

Model Fix
Treatment Level Concdhtion Description

Ax 3
replaced.

A 4 Entire system needs to be replaced

M 1

A* 2

A* 3

A 4 Greater then 70¥% of system requires
replacement.

M 1
of algae growth, water level float
controls dysfunctional,

A* 2
tank.

A* 3
corroded at threads.

A &

Wood is rotted through and tank 1s
structurally unsound.

an event that would not occur had necessary repairs been done on a tiwmely basis.

an extraordinary replacement event due to vandalism, fire, or acts of God.

an event that was never observed.

As a result, such events were excluded from the analysis.

Repair/Replacement Event

Replace damaged wire and supports or
conduit.

Replace entire system.

Replace indicated portion of system.

Replace 1ndicated portion of system
Replace 1ndicated portion of gystem
Replace the entire system.

Clean and chlorinate tank, replace

float switch assembly, replace heat
trace, repair leak in riser pipe,

tighten band clamps to stop seam teak,
replace heater thermostat.

Moderate repair.

Replace tank heater, replace band
clamps.

Replace entire system.

As a result, the A* event 1s redundant for forecasting
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Appendix C

Survival Models used in the AFM

" This-appendix provides an overview of some of the theoretical principles
and empirical estimation steps that went into the development of the survival
models used in the AFM. There are several kinds of survival models that are
commonly used in forecasting. The Accrual Forecasting Model uses a
particular variety of survival model that we have called an “approach curve."
An approach curve predicts the average failure rate for a population of
individuals or items of constant size. The size is fixed, even though the
members of the population are mortal, because each member is replaced at
failure. Thus, this model is appropriate for predicting the replacement rate
of systems in the existing public housing stock, not because the housing stock
is presumed to be of constant size, but because the model is to forecast
accrual only for units that are currently in place.

The first two sections of this appendix discuss the theory of survival
modeling and describe the theoretical derivation of what we have called
"approach" curves from the suxrvival distribution and hazard rate functiens.
The next two sections describe the application of our survival models within
the AFM. The last section of this appendix briefly describes some of the
estimation procedures and results that were used to establish parameter wvalues
for these models.

Overview of Survival Models

A survival model forecasts the probability of an event, usually death ox
failure, of an individual or the frequency of that event within a homogeneous
set of individuals. In the AFM the individuals are site, building, and unit
systems; and approach curves are the type of survival model used to forecast
their aggregate failure rates. Approach curves predict the future failure
rate of an individual unit and all of its probable, subsequent replacement
units. Unlike other commonly used survival models, they do not assume that
failed units leave the system. By contrast, two survival that assume that
failed units leave the population are.

. The hazard rate function. This function finds the probability of
failure as a function of age As a forecasting tool it is used,
for example, to compute life insurance premiums; but it is also
valuable as regression specification to be used to estimate
parameter values for survival models.

. The survival distribution function. This function is also referred
to as the "survival curve " This downward-sloping curve gives the
fraction of individuals that survive from birth to any given year.

Survival distribution functions were used during the development of the AFM to
obtain some estimates of expected lives, but they are not used, per se, in the




forecasting model. Approach curves can be derived from hazard rate functions,
as the next section explains in detail

Approach Curves

Our empirical investigation of the Modernization Needs inspection data
showed that the Gompertz distribution provided a good model of the survival of
major systems.®! Exhibit C-1 shows an example of Gompertz hazard rate and
survival funections. The expected life of a system with this survival function
is E(x) = 5 years. Thus, we could expect a new replacement system to last
about five years before 1t is replaced in turn by the next generation of that
systemn,

The approach curves used in the AFM take account of the replacement of
the current system and all successive generations of its replacements.

Exhibit €-2 illustrates how approach curves do this. The example system shown
in the exhibit starts out as a new installation with age of zero in the first
periocd. As the exhibit shows, the system can either fail oxr survive between
the first and second period If the system fails, 1t will be replaced in the
second period with a new system. If it survives, 1t will be one year old in
the second period and will have a higher probability of failure

As the system passes from the second to the third period, it can have an
age of one or zero years. The approach curve accounts for this and for the
three possible outcomes in the third periocd. In general the approach curve
accounts for the possibility that a system can fail at any age. The
replacement systems then start through the same process of probabilistic
survival and failure at every age The approach curve itself is simply the
sum of all of these probabilities of failuxe. It is, therefore, the aggregate
probability of failure accounting for the failure of not only the original
system, but of all successive replacements.

More formally, the AFM generates approach curves from all of these
individual probabilities of failure by using a Markov chain method. With this
method we let X be a state vector describing either the frequency distribution
of system ages in the population or the probability distribution for a single
system. For the example shown in Exhibit C-2 where the population initially
has just one brand-new system, we have

X = [1, 0,0, . . . ] (3)
where the first element of X; is the probability (in this case, 100 percent)
that this system started the first year with age zero. The other elements of

Xy, the probabilities that the system has ages 1, 2, ete., are all zero.

A Markov process needs a transition matrix, T, which operates on each
peried's state vector to produce next period's state vector:

X, =% *7T (4)

The inspection data recorded ages only for what were defined as "méjor"
systems, about half of all 101 systems.




Exhibit C-1
Hazard Rate and Survivai Curves

Fraction
)
Population

Hazard Rate Curve




EXHIBIT C-2
APPROACH CURVE FLOW CHART

Period 1

Period 2

Period 3




We construct the T matrix from the hazard rate functions as shown in

Exhibit C-3. The top of the exhibit shows the general way that the hazard
rate vector elements are used to construct the T matrix:; the bottom half shows
the actual T matrix derived from the hazard rate function of Exhibit C-1. The
columns of T less one year indicate the current-period age of a system, while
the rows indicate the age next period. The wvalue in each cell of T in column
¢ and row r is the probability that a system with age ¢ will become an age r
system in the next year. Most of these probahilities are zero because the
only permissible transitions are aging one more year {(the non-zero entries
just off the main diagonal) or failing and being replaced by a system with age
zero (shown in the first column).

If we use the X; state vector from equation 3 and the T matrix shown in
Exhibit €-3, we obtain this second-year distribution of the population:

%, = [0.147, 0.853, 0 . . . 0] (5)

The first element of X, is the 14.7 percent probability that the system failed
and was replaced last year. The second element is the remaining 85 3 percent
probability that the system survived to the second year. We can multiply this
and subsequent X vectors by the T matrix to obtain the probable age
distribution for any future year. For instance, X;3 looks like this:

X35 = [0.201, 0.172, 0.144, 0.119, 0.096, 0.075, 0.057, 0.042,
0.030,0.020, 0.013, 0 008, 0.005] (6)

Again, the first element of X;; is the overall probability of failure
for all systems given the probable age distribution from the previous period.
At this point the age distribution has become so dispersed that the system is
close to what is called "steady state." A steady-state population is
characterized by a stable mix of system ages and an equilibrium, long-run
failure rate equal to the inverse of the expected life (or mean time to
failure).? The life expectancy of the system used in this example is five
years, notice that the first element of X;; has taken on a value very close to
0.20, the long-run equilibrium rate. '

When the first elements of successive X vectors are collected in a
vector, themselves, as shown in Exhibit C-4, that vector is the aggregate
population death rate over time--the approach curve.

Forecasting When the Starting System Age is Available

In the example derivation we have used a system that enters the forecast
period with an age of zerc. Thus the approach curve derived above is the kind
of curve that the forecasting program uses to predict the future experience of
a system targeted for replacement in the inspection data. However, many
systems recorded in the inspection data have lower fix levels and higher ages.
To derive the approach curve for these systems, the model uses a different

2In a steady-state population of fixed size the distribution of ages
among individuals will be equal to the survival distribution function divided
by the expected life.




Exhibit C-3

Constructing the Transition Matrix from

the Hazard Rate Function
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Exhibit C-4

Tabulation of Approach Curve for Example System

Year Failure Rate
1 0.147
2 0.159
3 0.169
4 0.178
5 0.185
6 0.191
7 0.195
8 0.198
9 0.200

10 0.201
11 0.202
12 0.201
13 0.201



starting X vector. For instance, if the system is four years old we will
have: ,

X%, =[000010. ] . {7

and an apprbach curve with a different shape but otherwise identical
derivation., The shape of the approach curve will be different, because the
first-year hazard rate for our example system would be 0 191, which 1s closer
to the long-run rate. The curve will not have so far to go to reach the long-
run rate If the starting age is so high that the first-year hazard rate is
above the long-run failure rate, the approach curve will actually fall toward
the long-run rate ’

+

Forecasting When the System Age is Missing

Both of the examples of the X, vector of the initial age distribution
apply to major system observations for which system age observations are
available. This approach can be carried one step farther to allow for
starting age distributions when the age of the system observation at hand is
unknown. The X, vectors shown above are actually examples of degenerate
distributions; all of their probability mass is concentrated on one point. To
create an X, vector for a minor system the model generates a non-degenerate
probability distribution for the missing age observation. This distribution
can be cobtained by using some additional data and another survival modeling
technique.

The extra data are the observations on building ages. With the exception
of a few systems, the general building age is a good estimate of the length of
time since the first generation of a system was installed. If the building
age is much greater than the expected life of the system at hand, then there
is a high probability that the observed system is not the original, first-
generation system that was installed when the building construction was
completed. Moreover, if there was a replacement it could have taken place
one, two, etc. years ago with a variety of probabilities We account for this
in the AFM by using the Markov model itself to estimate the probability
distribution of the age of the current system. This non-degenerate
probability distribution can then be used in vector form as a proxy for the
starting system age in the forecast., This probability distribution of system
age is derived using the same T matrices described above. Let n be the
general building age  Then the model estimates the probability distribution
of the age of the current system as"

Xy =% % T (8)

The vector X is then used as the starting age wvector in the Markov
forecasting process, which proceeds identically in every other respect.

Estimation of Parameters for Survival Curves

The section above explains some of the theory of survival modeling.
Typically, the development of a survival model also requires data analysis and
statistical estimation. The survival models used in the AFM are based on both




subjective and objective factors. The shape of the curves is based on the
estimated log-hazard rate curves fit to the inspection data.

The expected life of each function used in the forecast was determined by
the expert panel. The data analysis revealed that there was a dependable
relationship between the expected life and the slope and intercept of the log-
hazard rate function. This relationship was apparent when the regression
results were tabled and sorted by system expected life. For system expected
lives over the range of 5 to 20 years, the intercepts and slopes exhibited a
dependable linear relationship. Moreover, systems with expected lives that
were about the same tended, also, to have slopes and intercepts that were very
close in value, There were no systems with sufficient cobservations for
regression analysis that yielded expected lives outside of that range, so
judgment had to be used to derived intercept and slope estimates.

In any case, the AFM uses a single approach curve to model the failure
rate of any system with a given expected 1ife. Therefore, the AFM chooses the
slope and intercept parameters from the table shown in Exhibit C-4 and
constructs the approach curve using the methodology described above.

Exhibits C-5 to C-7 are plots of three selected curves generated by the
parameters shown in Exhibit G-4/
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Exhibit C-5

Survival Curve Parameters
by Life Expectancy
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Appendix D

This appendix defines the sources of the difference between the Total
Backlog Cost presented in the Abt Modernization Needs Report and the Total
Backlog Cost produced by ICF Inc in the course of conducting the Accrual
Study The backlog cost reported by Abt was 9,307 million dollars in 1985
dollars, as compared to the cost of 8,520 million dollars in 1985 dollars
produced by ICF, The factors which impinge on the difference in the

Modernization Totals can be thought of as belonging to three families; data T
changes, procedural changes, and weight changes. Each of these factors will be///
discussed in Appendix D. e

-

Procedural Changes

The first procedural change to be discussed deals with _what has become
known as the "$100 Cut Rule.® This is a rule which was 1mp03ed by Abt in an
effort to discriminate between normal operating and mainténance expenses and
capital repair expemnses. In oxrder to eliminate observations which might be
considered normal operating and maintenance expenses, all individual fix
observations costing less than $100 prior to weighting were eliminated from
the analysis. The problem with this rule is that the $100 limit is an
arbitrary figure that ideally should vary according to the location and system
of the observation. Due to the complexity of such a revision in the use of the
rule, the rule was dropped from the analysis performed by ICF. This had the
effect of raising the total FIX estimate.

The second procedural change implemented by ICF was to change the
builder's profit function used in calculating the total cost of the fixes. Abt
had used the sum of the un-weighted costs in a development as the index into
the profit function to determine the builder profit to be added to the costs
for the development. This tends to over-estimate the builder profit to be
applied to the costs in a development. The builder profit should be calculated
on the sum of the weighted costs within a development. This approach was used
by ICF and had the effect 6f reducing the FIX estimate.

For example, acc /ding to sampling theory, each of the observed
buildings represents dome number of unobserved buildings in the total
population of buildings within a development. Hence, the correct total to be
used in calculating the builder profit is the weighted total, since the
weighted total captures the costs associated with those buildings which were
not observed. This will lead to a builder profit based on the estimation of
the true amount of repair work which needed to be done. If the builder profit
were not a -function of the cost within the development, then the weighting
would not be necessary.

Vs

Data Changes

The first of the data changes to be discussed deals with the
observations made in several developments in Philadelphia, Pemnnsylvania. These




changes involved the elimination of SITE observations made which should not
have been recorded. Specifically, these were instances where a SITE
observation booklet was filled out when the dwelling unit observed was an
element in a row-house structure, only one unit of which was owned by the PHA
The site observation was not appropriate, as the measurements typically
covered the entire row-house structure, or an entire city block.

The second type of data change made by ICF were edits to the quantity
field of the observational records. As a result of errors in the data
instrument, mismatches 1n the unit of analysis between cost and quantity
files, errors in the computer algorithm that generated the data base, as well
as keypunch and coding errors, a significant number of records had
unreasonably high or low per-dwelling unit quantities and costs. In order to
correct these mistakes, algorithmic procedures were used to insure a
reasonable and internally consistent dataset based on the interrelationships
between, for example, roof surface and foundation perimeter. In the
algorithms, both the upper and lowexr ends of the gquantity distribution were
examined and corrected.

In certain systems, the inspector was to note a percentage of the total
guantity which was to be fixed, and the quantity used in the FIX estimation
was derived from the inspectors's percentage and the total quantity stated in
the location's take-off data. In these cases, 'ICF used the total quantity as
opposed to taking a percentage of the total quantity due to the inconsistency
in the percentages present in the original Abt FIX file.

The third type of data change made was the elimination of invalid
duplicate records. After consultation with Abt, a number of systems were
defined for which duplicate records were allowable. For other systems, ICF
eliminated the duplicates

Weight Changes

The changes made to the sub-development weights were to account for
buildings and dwelling units that were sampled but, for one reason or another,
were not observed in the inspection phase of the study. Therefore, a change to
the weights assigned to the observed locations was necessary so that the
observed locations would represent the appropriate number of unobserved
locations. ) :

Summary

In calculating the national FIX estimate, all of the procedural, data,
and weight changes were implemented, producing an estimate of $8,520 million
(in 1985 dollars). A breakdown of the backlog estimate by HUD Region and Area
Office is given in Exhibit DI1. -




Region I
Boston, MA
Hartfoxrd, CT
Manchester, NH
Providence, RI

Regional Total

Region IT
Buffale, NY
New York, NY
Newark, NJ
San Juan, PR

Regional Total
Region III

Baltimore, MD
Charleston, WV

Philadeiphia, PA

Pittsburgh, PA
Richmond, VA
Washington, DC

Regional Total

Region IV
Atlanta, GA
Birmingham, AL
Golumbia, SC
Greensboro, NC
Jackson, MI

Jacksonville, FL

Louisville, KY
Knoxville, TN
Nashville, TN

Regional Total

Exhibit D1

Backlog (1985) Within HUD Regional
and Area Offices
(1988 Dollars, in Millions)#*

No of FIX Percent Percent
Projects Cost of Total of Total .
Sampled (millions) Cost Units
53 §175 1 88% 2.8%
22 5111 1 193 1 5% -
12 824 0 26% 0.8%
_15 828 0 30s% 0.8%
102 $338 3 63% 5 9%
8 $212 2 28% 2.0%
70 $1,065 11.45% 12.6%
53 $535 5.7b% 3.8%
41 $784 8.43% 5.0%
172 $2,5%6 27 91% 23.4%
15 $275 2.95% 1.9%
7 3512 0 12% 0 5%
57 $893 9.60% 4, 0%
30 5268 2.88% 2.5%
16 5102 1.10% 1.6%
22 8155 1.66% 1.2%
147 81,704 18.32% 11.7%
28 $220 2 36% 4.,5%
19 5168 1 81s 3.3% -
6 565 0.70% 1.2%
40 5143 1 53% 3.0%
9 $§228 2.45% 1 0%
17 $267 2 87% 3.3%
12 $161 1.73% 2.0%
17 595 1.02% 1.2%
10 5115 1.24% 2.0%
158 51,461 15.71% 21.5%



Exhibit D1 (Continued)

No. of FIX Percent Percent
Projects Cost of Total of Total
Sampled (millions) Cost Units
Region V
Chicago, IL 55 $656 7.05% 6 1z
Cinecinnati, CH 10 590 0.97% 1.1%
Cleveland, OH 26 5212 2.28% 2.4%
Columbus, OH 5 $28 0.30% 0.8%
Detroit, MI 32 $190 ©2.04% 1.6%
Grand Rapids, MI 9 $40 0 433 0.7%
Indiznapolis, IN 24 $71 0.77% 1.4%
Milwaukee, WI 19 556 0 60% 1.0%
Mion/St Paul, MN _12 $114 1 22% 1.7%
Regional Total 192 81,457 15.67% 16 6%
Region VI
Dallas, TX 7 5139 1.50% 2.7%
Houston, TX 7 544 0.47% 0.7%
Little Rock, AR 8 532 0.35% 1.2%
New Orleams, LA / 15 $218 2.35% 2.5%
Oklahoma City, OK 7 597 1.05% 1.0%
San Antonio, TX 15 $70 0.75% 1 8%
Regional Total 59 $601 6.46% 9.9%
Region VII
Des Moines, TA 9 527 0.29% 0.3%
Kansas City, MO 11 $83 0.90s 1.2%
Omaha, NE 18 548 0.52% 0 6%
St. Louis, MO 16 5146 1 57% 1.2%
Regional Total 54 $305 3.28% 3.3%
Region VIII
Denver, GO 10 592 0.99% 1.3%
Region IX
Honolulu, HI 10 543 0.46% 0 5%
Los Angeles, CA 14 5252 2.71%- 1.5%
Phoenix, AZ 11 $37 0.39% 0.4%
Sacramento, CA 4 568 0.73% 0.43%
San Francisco, CA 22 ' $220 2.36% 1.7%
Regional Total 61 $619 6.66% 4.4%



Exhibit Dl (Continued)

No. of FIX Percent Percent
Projects Cost of Total of Total
Sampled {millions) Cost Units
Region X
Anchorage, AK 5 $9 0.09% 0.1%
Portland, OR 10 $36 0.39% 0.5%
Seattle, WA 26 §83 0 89% 1.3%
Regional Total 41 §128 1.37% 1.9%
Natiomal Total 99 6% $9,302 100.0% 100.0%

Source: ICF Estimates

* These figures are based upon a sample of projects and are subject to sampling
error. Columns may not total exactly due to rounding error.

*% The observations from four developments were dropped from the caleculation
of this estimate due to the lack of any units being observed in the development.
The weights assigned to the remaining cbservations were modified to correct for
their elimination.

*U. S, GOVERNMENT PRINTING OFF ICE 1989-523-230 10189
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